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Dr. John C. Pazik The major focus of this research is the "Nanoengineering of Physical Properties of Materials". The goal is to learn to use molecular and nanoparticle building blocks to predictively design specific, highly controllable properties into materials that are not necessarily available in naturally occurring condensed-matter systems. The optical properties of composite nanoparticles called metal nanoshells are of particular interest in this context. Metal nanoshells are a new and unique type of composite nanoparticle that possesses physical properties of clear technological and defense-related importance. These properties include an extremely strong structure-dependent optical resonance that can be shifted across a remarkably broad range of the visible and the infrared regions of the spectrum. Our immediate objective is to extend our knowledge of the growth chemistry, molecular control, and optical properties of metal nanoshells and associated nanoparticle assemblies, both in dilute matrices and in nanoscale proximity to each other and to other optically active materials. This is a coordinated effort consisting of nanoparticle synthesis, molecular based assembly methods, optical characterization techniques, scanning probe microscopy, theory, and the demonstration of new functional materials and simple device structures.
e. Significant results during last year -
The focus of this year's research has been on controlling the growth chemistry on nanoparticle surfaces, and on developing a more comprehensive understanding of the physical properties of metal nanoshells. The first effort facilitates our ability to fabricate nanoshells and functionalize their surfaces for condensation into films, arrays, and crystals; the second effort provides an opportunity to target the best possible applications niches for these nanoparticles.
Assembly of Nanoparticle Aggregates onto Nanoparticle Surfaces:
We have completed a systematic investigation of the growth and attachment of small gold nanoparticles to the functionalized surfaces of larger silica nanoparticle "substrates". This has been an essential step in the generalized fabrication of nanoshell particles. It was discovered that both functionalization of the nanoparticle substrate surface and variation of solvent mixture could control the adsorption of smaller colloids onto the nanoparticle surfaces. In particular, both these parameters could control whether the colloids attached individually to the nanoparticle surface, or whether they attached in small, self-assembled aggregates of regular size and shape.
Femtosecond electron dynamics of A112S/AU Nanoshells: We have studied the ultrafast timeresolved electron dynamics in Au nanoshells. The purpose of this study is two-fold: first, to investigate the transient behavior of the nonlinear optical properties and how they are related to spectral placement of the nanoshell plasmon frequency, and second, to measure electron cooling in these ultrasmall metallic structures. In metals, hot electrons cool via electron-phonon coupling, but when the dimensions of the metal is restricted this electron cooling becomes dependent on the surfaces of the metal nanostructure. These types of optical studies present an extremely important method for studying energy dissipation and energy transfer in highly confined metallic systems, which is of fundamental importance in the thermoelectric transport properties of highly confined metal-based materials and structures. By tuning the plasmon peak across the tuning range of the Ti:Sapphire laser, we have observed both transient bleaching (at the plasmon peak) and transient absorption (at the lowenergy plasmon shoulder) for Au nanoshells embedded in polyvinyl alcohol. Our results indicate that even when the plasmon frequency is shifted below the onset of interband transitions, interband effects are still of primary importance in determiniing the nonlinear optical response. An electron relaxation time of 1.65 psec is measured which indicates more efficient electron cooling in the nanoshell structure than in bulk Au. This electron-surface scattering time is dependent on the local chemical environment of the metal: experiments are ongoing to understand how this property may be controlled by varying the chemical nature of the metal interface.
Multipole Resonances of Metal Nanoshells: Metal Nanoshells are unique because the multipole scattering resonances of these nanoparticles are spectrally well-defined and shifted away from interband absorption transitions. For example, one can select a specific wavelength and design and build a "dipole" scatterer or a "quadrupole" scatterer for that wavelength. These various multipolar modes have specific angular light-scattering patterns that are quite unique and could be extremely useful in near-field optical applications. We have designed and fabricated two sets of particles with scattering resonances at 850 nm, dipole scatterers and quadrupole scatterers, and we have measured this resonant scattering pattern as a function of incident polarization and scattering angle.
Functionalization of Metal Nanoshell Surfaces:
We have pursued functionalization of nanoparticle surfaces in preparation for nanoshell surface functionalization. We have recently successfully formed self-assembled monolayers generated by the adsorption of «-octadecyl disulfide on both gold and silver nanoparticles utilizing a two-phase, liquid/liquid method. The disulfide linkage may prove adaptable to a broader range of surface types, with at least equivalent coating stability. The functionalized nanoparticles were characterized by ^H nuclear magnetic resonance (NMR) spectroscopy, ultraviolet-visible (UV-Vis) spectroscopy, transmission electron microscopy (TEM), surface enhanced raman spectroscopy (SERS), and Fourier transform infrared (FTIR) spectroscopy.
